1. In tropical countries where little natural forest remains, such as the Philippines, smallholder monocultures, and mixed-species plantations potentially provide conservation values by providing habitat for local fauna and recruiting diverse understorey species.
Introduction
Tropical rainforests cover just 7% of the world's land surface but support roughly half of all biota on earth (Laurance 1999) and provide essential socio-economic services to a quarter of the world's most vulnerable people (Scherr, White & Kaimowitz 2004) . Between 2000 and 2012, there was an increase in the loss of tropical forests to approximately 2100 km 2 /year (Hansen et al. 2013 ). In the Philippines, 100% of its 'frontier forest' cover has been cleared (Bryant, Nielson & Tangley 1997) , with 17% of this land area being replaced by pasture dominated by the exotic grass Imperata cylindrical (cogon grass) (Garrity et al. 1996) .
Consequently, ecological goods and services are reduced, and this reduction has heavily impacted the livelihoods of the most vulnerable communities (Le et al. 2012) .
Although clearing of tropical forests is substantial, some tropical countries have transitioned in the last decade from net deforestation to net reforestation (Meyfroidt & Lambin 2011) .
Often monoculture plantations are established for providing timber products but lack the diversity of products obtained from the prior forest landscape (Lamb, Erskine & Parrotta 2005) . Mixed-species plantations are increasingly being established to meet conservation and socio-economic needs (Nguyen et al. 2014) . Secondary regrowth forests offer a potentially low-cost passive reforestation method, where forests are allowed the time to re-grow with little if any management actions (Brown & Lugo 1990) .
Seedling recruitment within plantations is important (Parrotta 1992) because diversity can provide additional benefits such as more efficient nutrient cycling (Firn, Erskine & Lamb 2007) ; mitigate top soil erosion (Lamb 1998) ; maintain a greater number of forest products (Naeem & Wright 2003) ; provide habitat for faunal communities (Simonetti, Grez & Estades 2013) ; and in turn contribute to long-term sustainability (Lamb 1998) . There are also potential negative consequences of understorey development including reductions in stand
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This article is protected by copyright. All rights reserved. productivity and disruption to management techniques during harvesting (Zanne & Chapman 2001; Lindenmayer & Hobbs 2004) . The extent to which these negatives deter land managers from allowing understorey development depends on their goals and reforestation techniques.
The needs of small-holder tree-farmers within the tropics differ to those of an industrial owner. In particular, smallholders are often willing to trade-off maximising productivity and consistency of timber products for a wider range of forest products (Le et al. 2012; Herbohn et al. 2014; . Consequently, management techniques used in small-scale community-based plantation projects differ to an industrial timber estate (Harrison, Herbohn & Niskanen 2002) . In particular harvesting of timber products for sawmills occurs more sporadically and silvicultural practices such as thinning and weed control are often neglected ; therefore, understories often develop within these plantations. This increases the potential of these plantations to contribute to conservation, including increasing species diversity at a site and landscape. Increased diversity can then provide additional non-timber forest products to local people that may result in extending the rotation of these forests as their socio-economic value is not solely reliant on timber . Understanding seedling recruitment within smallscale community-based reforestation is, therefore, an important research goal for both biodiversity and socio-economic outcomes.
The reproductive and dispersal traits of recruiting species can indicate important ecosystem functions. Traits that characterise understories can vary depending on the characteristics of the overstorey and the type, intensity and magnitude of anthropogenic disturbance (Katovai, Burley & Mayfield 2012; McConkey et al. 2012) . Studies have shown animals are the main mode of dispersal for ~80% of tropical woody plant species (Corlett 2011; Markl et al. 2012) .
Declines in large-bodied animal populations due to habitat decline and subsistence hunting have generally reduced large-seeded plant species from recruitment pools (exceptions being
This article is protected by copyright. All rights reserved. Wright et al., 2007b , Dirzo et al., 2007 , and consequently led to declines in tree diversity (Harrison et al. 2013; Peña-Domene, Martínez-Garza & Howe 2013) . Conversely plant species dispersed by abiotic mechanisms (e.g., wind, water and gravity) or by non-targeted animals, usually with a smaller seed are thought to be dispersal advantaged, regarding seed numbers (Ingle 2003; Nunez-Iturri, Olsson & Howe 2008) and distances (Corlett 2009 ).
Many emergent tree species of rainforests (e.g., Octomeles sumatrana Miq.) and some of the most valued timber trees (e.g., Shorea contorta S.Vidal) are dispersed by abiotic mechanisms.
Here we investigate seedling diversity in the understorey of different forest types, i.e., monocultures, mixed-species plantations and regenerating selectively logged forests, across a highly modified agricultural landscape on Leyte Island, Philippines. We specifically aimed to:
1. Measure and compare seedling abundance and composition of species and traits beneath each forest type; 2. Identify species or functional traits that are favoured beneath each forest type; and 3. Identify species or functional traits limited in their reproductive ability and therefore, represent conservation significant species or traits.
We expected to find that seedling diversity would be significantly lower within the understorey of the monoculture forests, and higher and similar in the mixed-species and regenerating selectively logged forests (Barlow et al. 2007) . We also hypothesized that largeseeded species would be absent and small-seeded species would dominate the recruitment pool beneath the monoculture forests, while in contrast animal-dispersed species would dominate in the understorey of the more diverse mixed-species plantations and the regenerating selectively logged forests.
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Materials and methods

Study Sites
The study was conducted at 15 sites on the Island Leyte, Philippines, which lies between 124ᵒ17' and 125ᵒ18' east longitude and between 9ᵒ55' 11ᵒ48'north latitude. This included five exotic monocultures, five mixed-species forests and five regenerating selectively logged forests ( Fig. 1 ). All sites had elevations of less than 600 m a.s.l. and were previously lowland forests (~<800 m a.s.l.) dominated by the family Dipterocarpaceae. All sites occurred on soils of volcanic origin with one exception, Pomponanan, where the soil is derived from limestone and volcanic origin (Table 1) . Study sites are located on the western side of the dividing mountain range with an average annual rainfall of 2753mm and average annual temperature of 27.5ᵒC ( Fig. 1) (Nguyen et al. 2012) .
The monoculture plantations of Swietenia macrophylla King (mahogany), one of the most valuable timber species in the tropics, were between 13 to 18 years old at the time of sampling and established as small-scale community-based forestry projects ( Fig. 2a and Table 1 ).
The mixed-species plantations were established as a reforestation system called 'Rainforestation Farming' (here after Rainforestation), which was funded by the European Nature Heritage Fund in the 1990s (Fig. 2b) . The system used approximately 100 mainly native timber tree species, fruit trees, and non-timber forest products (NTFPs), which were collected from nearby mother trees and cultivated in local nurseries (Nguyen et al. 2014) .
Shade intolerant species were initially planted to facilitate the survival of shade tolerate apex
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Rainforestation plantations were established at 28 locations over a period of 6 years and were approximately 1 ha in size. At the time of sampling, the Rainforestation plantations were aged between 15 and 18 years (Table 1) .
We also sampled regenerating selectively logged forests, which were logged within the last ~20 years and are regularly used to gather NTFPs by local communities (Fig. 2c) (Avela 2013) . Plot locations were chosen by randomly assigning a number to a compass bearing and distance within suitable regenerating selectively logged forests. Elevation and average slope angle for plots located within regenerating selectively logged forest were higher than at the other forest types (Table 1) .
Distances to regenerating selectively logged forests (Table 1 ) and the shaded areas in Fig. 1 were estimated using Google Earth and from discussions with local contacts from Visayas State University. Distance to regenerating selectively logged forests between monoculture and Rainforestation sites did not differ significantly (F 1, 8 = 1.56, P = 0.23), and compositionally, species pools between regenerating selectively logged forests sites, showed greater similarity to each other than to other forest sites ( Fig. 4 ).
Data Collection
Between two and four plots were established per site, depending on the size of the forest, to prevent edge effects. In total across all 15 sites, we sampled 35 plots (Table 1) using methods based on those set out in Herbohn et al. (2014) . In the case of the Rainforestation sites, five plots were used that were originally established by Nguyen et al. (2012) . In three cases, the plots established by Nguyen et al. (2012) were either; too close to the edge (within ~5m), significantly disturbed (harvested or grazed) or the location could not be confirmed to be able
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to replicate. In these cases, only two plots were sampled. Plots were circular with a 5 m radius (78m 2 ) extending from the centre point.
All individuals below 2 m in height were sampled. Tree and shrub species height and either diameter at base or diameter at breast height (individuals >130cm) were measured and recorded using a 1 m measuring stick and callipers. Herbs, vines and ferns were identified and either number of individuals or cover was recorded. The life-form of each individual, province: native or exotic, and whether planted or recruited naturally (wilding) were also recorded. Planting rows were identified to determine if the individual seedling was a planting or wilding and to help identify the species. Local botanists from Visayas State University assisted with species identification. Leaf area index (LAI) of the canopy was measured as the average of three readings taken at random locations within each plot using a CID Bio-Science CI-110 Plant Canopy Imager. Soil nitrogen (N) and phosphorus (P) samples were collected from three random locations within each plot and then bulked at the plot level. Samples were prepared with a single digestion method and analysed with a colorimetric determination of N using the salicylate-hypochlorite method developed by Baethgen and Alley (1989) and P using an adaptation of Murphy and Riley (1962) single solution method (Anderson & Ingram 1989) .
Data on discrete traits and taxonomic classification for each species were sourced from books, literature sources, databases and personal communication with experts from Visayas State University. These functional traits included dispersal type, fruit type, fruit size and seed size. We used a range for fruit and seed size classes consistent with Mayfield, Ackerly and Daily (2006) and Katovai, Burley and Mayfield (2012) , with fruit size dimensions of 1 = "<2mm x <2mm", 2 = "2-5mm x 2-5mm", 3 = "6-15mm x 6-15mm", 4 = "16-25mm x 16-25mm", 5 = "26-100mm x 26-100mm", 6 = ">100mm in any dimension"; and seed size
This article is protected by copyright. All rights reserved. dimensions of 1 = "0-1mm x 0-1mm", 2 = "1.1-3mm x 1.1-3mm", 3 = "4-8mm x 4-8mm", 4 = "9-12mm x 9-12mm", 5 = ">13mm in any dimension".
Data analysis
Most analyses were conducted using R statistical computing version 3.1.1 (R Core Team 2013), except Figure S2 , which was constructed in Microsoft Excel and Figure S4 , which was constructed in SigmaPlot version 12.5.
To test if understorey species diversity was adequately sampled we constructed species accumulation curves using the Specaccum function in the vegan package using two different methods: 1) the "exact" method that estimates species accumulation curves using samplebased rarefaction where plots were sampled without replacement, and is also known as Mao Tau estimates (Colwell et al. 2012) ; and, 2) "rarefaction" method that estimates expected species richness by sampling individuals instead of sites, and does this by calculating average number of individuals per plot using rarefy (Oksanen et al. 2015) .
We investigated if soil phosphorus, soil nitrogen, and leaf area index (LAI), varied depending on forest types using linear mixed effect models (LMEMs), estimated with maximum likelihood (ML). Random effects were plots nested within sites as representative of our sampling design. All LMEMs were fitted using the nLME package (Pinheiro et al. 2016) .
Understorey diversity was quantified using several indices: species richness, Shannon's diversity index, Simpson's diversity index, mean number of seedling individuals and functional traits (i.e. dispersal, fruit type, fruit size and seed size) (Magurran 2004) . To assess the relationship between understorey diversity and forest type, and abiotic conditions e.g. soil phosphorus, soil nitrogen and LAI (proxy for light availability), we again used LMEMs
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This article is protected by copyright. All rights reserved. estimated with ML and a random effects structure of plots nested within sites (Pinheiro et al. 2016 ). Because our study has a balanced design, we used F-statistics to assess the significance of fixed effects as explanations of variation in the response variables (Pinheiro & Bates 2001) ; and the effects package (Fox 2016 ) was used to graph the higher-order fixed effects in the LMEMs. We log transformed the response variable, number of individuals, due to breaches of normality.
Non-metric multi-dimensional scaling (nMDS) was used to compare both understorey species richness and abundance (to compare evenness across forest types), based on Bray-Curtis similarity matrix, as it performs most satisfactorily with datasets with high numbers of 0 values (Faith, Minchin & Belbin 1987) . We also developed nested permutational ANOVAs with 1000 permutations using the BiodiversityR package (Anderson & Walsh 2013) . Trait richness and abundance data was log (x+1) transformed due to breaches of normality.
Results
Overall, 2898 individuals were sampled, comprising 217 species of which 188 were native and 31 were non-native. Functional traits including, dispersal and fruit types were identified for 113 species, fruit size for 98 and seed size for 59. Forest types were adequately sampled after approximately nine plots, although less plots for monoculture forests as shown with species and individual accumulation curves (Figs S1).
When we compared abiotic conditions, soil phosphorus varied between forest types (F 2, 12 = 6.32, P < 0.02) with monocultures having the highest soil phosphorus content and regenerating selectively logged forests the lowest (Fig. S2a) . Soil nitrogen and LAI did not
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Comparison of the richness and abundance of recruited species under three forest types
Understorey species richness differed depending on forest type with regenerating selectively logged forests having the highest species richness and monocultures the lowest (F 2, 12 = 30.02, P < 0.0001; Figs 3 and S3a). Understorey species richness showed a significant negative correlation with both soil nitrogen and soil phosphorus (soil N: F 1, 17 = 11.07, P < 0.004 and soil P: F 1, 17 = 4.99, P < 0.04), but no significant correlation was found with LAI ( Fig. 3a-d and Table S1 ). Similar patterns were evident when the analyses were restricted to tree and shrub species (forest type: F 2, 12 = 18.68, p = 0.002, soil N: F 1, 17 = 6.13, P < 0.02, soil P: F 1, 17 = 5.17, P < 0.04; Figs 3e-h, S3a and Table S1 ). Herbs, ferns and graminoid richness did not differ significantly between forest types, soil phosphorus or LAI, but was significantly negatively correlation with soil nitrogen (soil N: F 1, 17 = 6.27, P < 0.03; Figs S3a, S4 and Table S1 ).
Exotic seedling species richness differed significantly depending on forest type, with monocultures having the highest richness of exotics and the regenerating selectively logged forests the lowest (forest type: F 2, 12 = 23.95, P <0.001; Fig. S5 ). Richness of exotic seedlings was not explained by variation in soil nitrogen, soil phosphorus or LAI ( Fig. S5 and Table   S1 ). Native seedling species richness was significantly lower within the monoculture forest type (F 2, 12 = 33.56, P < 0.001), and showed a significant negative correlation with soil nitrogen and soil phosphorus (soil N: F 1, 17 = 8.57, P <0.009, soil P: F 1, 17 = 5.56, P =< 0.03; Fig. S5 and Table S1 ).
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Total number of individuals (mean per plot but excluding graminoids) varied significantly depending on forest type with the Rainforestation plots having the highest number of individuals and monocultures and regenerating selectively logged forests having similar numbers of individuals (Fig. S6a) . Number of individuals also showed a significant positive correlation with LAI (forest type: F 2, 12 = 8.77, P = 0.005, LAI: F 1, 17 = 11.23, P = 0.004; Fig.   S6 and Table S1 ).
Shannon's diversity index (all growth forms) differed significantly between forest types (F 2, 12 = 7.27, P = 0.009) with regenerating selectively logged forests showing the highest level of Shannon's diversity and monocultures the lowest (Fig. S7a ). Shannon's diversity in the understorey did not show a significant correlation with soil nitrogen, soil phosphorus or LAI ( Fig. S7 b-d and Table 1 ). Shannon's diversity of tree and shrub species followed the same trends (forest type: F 2, 12 = 11.02, P = 0.002; Fig. S8 and Table 1 ).
Simpson's diversity index did not differ between forest types, soil nitrogen, soil phosphorus or LAI (Figs S9, S10 and Table S1 ).
Compositional differences in seedling community assemblages under three forest types
Both understorey species richness and abundance were distinctly clustered within the regenerating selectively logged forest plots and monoculture forest plots respectively using an nMDS (Fig. 4, all growth forms) . The Rainforestation forest plots are less distinctly clustered, overlapping with two monoculture forest plots and one regenerating selectively logged forest plot.
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Understorey species richness ( Fig. 4a ) and abundance (Fig. 4b ) differed significantly between forest types using a non-parametric multivariate analysis, PERMANOVA (richness: Pseudo F 2 = 6.34, P < 0.001 and abundance: Pseudo F 2 = 3.67, P < 0.0001).
Compositional differences in the functional traits of community assemblages under three forest types
Animals were the most common dispersers of seedlings across all forest types, followed by wind, multiple dispersal types and water (Table S3 ). Drupe's and syconiums represented the most common fruit types. The most common fruit size classes were 5 = "26-100mm x 26-100mm" and 3 = "6-15mm x 6-15mm", with the most common seed size classes being 3 = "4-8mm x 4-8mm" and 4 = "9-12mm x 9-12mm" (Table S3 ).
Multivariate analysis of functional diversity including richness and abundance of dispersal type, fruit type, fruit size and seed size showed no clustering in nMDS ordinations (Fig. S11 ).
Numerically using a PERMANOVA, the richness of traits differed significantly with forest types (dispersal: Pseudo F 2 = 6.42, P = 0.001, fruit type: Pseudo F 2 = 6.65, P = 0.001, fruit size: Pseudo F 2 = 9.73, P = 0.001, and seed size: Pseudo F 2 = 3.16, P = 0.003), and incorporating relative abundances (dispersal: Pseudo F 2 = 5.29, P = 0.003, fruit type: Pseudo F 2 = 4.92, P = 0.001, fruit size: Pseudo F 2 = 6.59, P = 0.001, and seed size: Pseudo F 2 = 2.27, P = 0.01).
Regenerating selectively logged forests and Rainforestation forests showed significantly higher richness of animal-dispersed species and wind-dispersed species (when only considering native species) than the monoculture forests (F 6, 96 = 5.2, P < 0.0001, natives species only: F 6, 96 = 5.73, P < 0.0001; Fig. S12 and Table S2 ). Richness of dispersal modes
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This article is protected by copyright. All rights reserved. also decreased with increasing soil nitrogen levels (soil N: F 1, 17 = 7.5, P < 0.008, Fig. S12 and Table S2 ). When only native species were considered richness of dispersal modes decreased with increasing soil phosphorus (soil P: F 1, 17 = 4.77, P < 0.04; Fig. 5 and Table   S2 ).
The abundance of animal-dispersed species was highest at the Rainforestation forests, whereas monocultures and regenerating selectively logged forest showed similar abundance levels across dispersal modes (F 6, 96 = 4.96, P = 0.0002; Fig. S13 and Table S2 ), and these trends remained consistent when only considering native species (F 6, 96 = 4.5, P < 0.001; Fig.   S14 and Table S2 ). Dispersal mode abundance was higher in plots with a higher LAI (F 1, 17 = 13.54, P < 0.002, natives only: F 1, 17 = 13.02, P < 0.003; Figs S13, S14 and Table S2 ).
Drupes and syncarps had the highest richness in Rainforestation forests and capsules, drupes, and syncarps in monocultures; whereas, drupes had the highest richness in regenerating selectively logged forests. Monocultures overall had the lowest drupe richness (F 20, 320 = 4.72, P < 0.0001; Fig. S15 and Table S2 ). Richness of fruit types also decreased significantly with increasing soil phosphorus (F 1, 17 = 5.98, P < 0.03; Fig. S15b and Table S2 ). Regenerating selectively logged forests showed similar abundance levels across fruit types. Capsules were the most abundant fruit type in monocultures and drupes and syncarps in Rainforestation forests (F 10, 320 = 7.64, P < 0.0001; Fig. S16d and Table S2 ). Abundance of fruit types also increased significantly with LAI (F 1, 17 = 16.35, P < 0.001; Fig. S16c and Table S2 ).
Monocultures had the highest richness and abundance of the largest fruit size class of six (>100mm in any dimension); whereas both Rainforestation and regenerating selectively logged forests showed similar levels of richness between fruit size classes (F 10, 160 = 4.72, P < 0.0001, soil N: F 1, 17 = 6.48, P = 0.02; Fig. S17 ), and these trends held when considering fruit type abundance (F 10, 160 = 2.9, P = 0.003; Fig. S18 ). As fruit size class richness increased soil
nitrogen levels significantly decreased (F 1, 17 = 6.48, P = 0.02; Fig. S17a ). The abundance of fruit size classes was positively correlated with LAI (F 1, 17 = 15.41, P = 0.001; Fig. S18c ).
Regenerating selectively logged forests showed similar richness and abundance levels across the different seed class sizes (Figs S19d and S20d) . Rainforestation forests showed a higher richness of seed class size 3 (8mm x 4-8mm), (richness seed size: F 8, 128 = 3.01, P = 0.004; Fig. S19d ). Monoculture forest had higher abundance of seed class size 4 (9-12mm x 9-12mm), (abundance seed size: F 8, 128 = 2.51, P = 0.015; Fig. S20d and Table S2 ). The abundance of seed class sizes also varied negatively with soil phosphorus (F 1, 17 = 6.12, P = 0.024; Fig. S20b ) and positively with LAI (F 1, 17 = 15.83, P = 0.001; Fig S20c) .
Discussion
Human-modified habitats are increasingly being recognised as important for conservation purposes, particularly in the tropics where only a small amount of land is protected (Barlow et al. 2007) . We expected to find that the regenerating selectively logged forests and Rainforestation forests would have considerably higher seedling species richness and functional trait diversity because of their diverse canopy tree species compositions. This pattern was weaker than expected with monoculture forests also recruiting a relatively diverse number of seedling species, although regenerating selectively logged forests did recruit significantly higher amounts of understorey diversity (species richness and Shannon's Diversity Index) than monoculture forests. Overall, we found that despite compositional differences, monocultures in fragmented landscapes can recruit some understorey diversity.
We found that the understories of the different forest types shared some common species, e.g.
Glochidion album
Boerl., Fagreae racemose Jack, and Ficus septica Lour. We also found
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This article is protected by copyright. All rights reserved. consistent trends with seedling diversity, functional diversity and canopy species diversity being negatively correlated with both soil nitrogen and phosphorus levels. The mechanism responsible for this relationship is unclear. However, it may be the result of differences in pre-planting soil treatments including fertiliser additions between forest types, litter nutrient differences depending on canopy composition and higher diversity forests being more efficient at nitrogen and phosphorus cycling compared with less diverse systems (Richards & Schmidt 2010) .
Seedling species diversity and composition beneath each forest type
The choice of the overstorey species impacts heavily on understorey seedling recruitment. As such, the characteristics of the species selected should be carefully considered if planting is designed to achieve biodiversity and production objectives . The species used within our monoculture forests; Swietenia macrophylla, is a wind-dispersed, shade intolerant but long-lived pioneer, with fruit that is of limited attractiveness to animaldispersers, however, this species can provide canopy refuge (Slocum & Horvitz 2000; Grogan et al. 2014) . Elsewhere, Parrotta (1992) found the highest recruitment beneath monocultures of Leucaena leucocephala, possibly because of its overall structure and leaf litter traits (Slocum & Horvitz 2000) , but did not recommend this species for planting because of invasion potential. Overstorey fruit bearing species (e.g. Ficus) can also accelerate understorey development within plantations, even when located long distances from seed sources (Peña-Domene, Martínez-Garza & Howe 2013) . Other studies have found little relationship between overstorey composition and recruited seedling richness and number (Farwig, Sajita & Böhning-Gaese 2009 ).
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Species and functional traits favoured across forest types
The family Moraceae maintained similar levels of diversity across forest types. These were species belonging to the genera's Artocarpus and Ficus, which were described by the comparable richness of the syncarpous fruit type between forest types (Laliberté et al. 2010) .
Other studies have found a similar prevalence of this functional group in particular genera's Artocarpus (Quimio 1999) and Ficus (Ingle 2003) .
Due to the associations between gape width, body mass and gut passage times, influences of the composition and abundance of frugivorous passerines on plant dispersal and subsequent recruitment, have been reported throughout the tropics (Corlett 2009; Corlett 2011; Galetti et al. 2013) . Common bird species within the Philippines study region include the chestnut munia (Lonchura atricapilla atricapilla) and Philippine bulbul (Hypsipetes philippinus) (Ingle 2003; Vallejo et al. 2008) . These birds are habitat generalists and likely account for a significant proportion of animal-dispersal, particularly of smaller-seeded species across human-modified landscapes (Corlett 2011; Markl et al. 2012 ).
In the Philippines subsistence hunting of animals such as wild pigs (Sus cebifrons) (Lacuna-Richman 2002) and various bird species (Shively 1997) is an important income and food source for the rural poor. Loss of these animals negatively impacts dispersal systems across all forest types. Dispersal of later successional species has been shown to be more specialized and often involve larger forest interior animal species within the Philippines (Hamann & Curio 1999) . Therefore, the regenerating selectively logged forests cannot be used as an ecological base line regarding natural dispersal regimes, but rather considered a less impacted system. Several large-seeded animal-dispersed species were only found in the understorey of the regenerating selectively logged forests (e.g., Canarium luzonicum Miq. and Lithocarpus
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llanosii Rehder); this number may increase if more pristine forests were available for comparison.
Growing evidence suggests that human activities have a strong legacy on forest structure and composition within the tropics (Bhagwat et al. 2008) . Monoculture understories had more species belonging to the largest fruit size class (6 = ">100mm"). These species included 
Species and traits limited across forest types
Abiotic dispersal (e.g. wind, water, and gravity) in the tropics is less common than biotic dispersal and is estimated at ~20% of tree species (Beckman & Rogers 2013) . Winddispersed tree species often occur in exposed microhabitats such as emergent layers (Corlett 2011) . We found wind-dispersed richness in the understorey of the monoculture forest types was threefold less than in the regenerating selectively logged forests. Only one individual of a wind-dispersed native species (Alstonia macrophylla Wall.) was found within the monoculture forests.
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The Dipterocarpaceae family is abiotically dispersed and ecologically dominant, particularly within Asia (Oshima, Tokumoto & Nakagawa 2015) . This family is also economically important, as it accounted for a quarter of the global consumption of tropical hardwood between 2006 and 2007 (Kettle 2010) . Dipterocarps are known for their irregular mast fruiting events; therefore, low populations of mature trees and irregular fruiting are likely impediments restricting colonization irrespective of seed size (Oshima, Tokumoto & Nakagawa 2015) . The high value of these species has led to high rates of logging and resulted in a low number of mother trees. Monocultures did not recruit any Dipterocarpaceae species in the understorey, but four species were found in the Rainforestation forest types and five species in the regenerating selectively logged forest types.
Dipterocarpaceae species have been estimated to have a routine dispersal distance of ~100 m, with some experimental data suggesting the majority of seeds are dispersed less than 40 m from the mother tree (Ingle 2003; Corlett 2009 ). In the present study, possible seed sources occurred at distances between 160 m to 5.5 km from the plantation locations (Table 1) . These distances are likely too large for wind-dispersed tree species to recruit into the understorey of plantations, at a time scale relevant for small-scale reforestation projects.
Conclusion
Seedling recruitment beneath small-scale community and smallholder plantations is an important factor in determining the longer-term sustainability and success of reforestation efforts . This study highlights the value of reforestation in general, providing that exotic monocultures can recruit diverse understories that contain some species valued by the forest dependent local communities. However, from a conservation perspective, it is a concern that wind-dispersed seedlings are absent, as this functional trait
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This article is protected by copyright. All rights reserved. Leaf Area Index (LAI), soil N and P, elevation, slope and aspect were estimated at each plot. Geology, soil type, density and canopy diversity were obtained from previous studies (Milan et al. 2004; Le et al. 2012; Nguyen et al. 2012; 
